Background: No studies have examined the effect of socioeconomic deprivation on antepartum and intrapartum stillbirths in the poorest women in low income countries.
Introduction
Over 98% of stillbirths occur in low and middle income countries and sub-Saharan Africa has the greatest risk [1] . There are marked disparities in stillbirth risk in high income countries and the highest numbers are found in the deprived and marginalised groups in these countries [2] [3] [4] [5] . Recent publications have assessed aetiology and interventions to reduce stillbirth in low and middle income countries [1, 6, 7] . However, no published studies have examined differentials in antepartum and intrapartum stillbirth risk in poor countries. Analyses from the Macro International Demographic and Health Surveys (DHS) are limited by small sample sizes and underreporting [8] . These surveys also do not differentiate between antepartum and intrapartum stillbirths despite their substantially different determinants and pathogenesis [8] .
There is much evidence about the impact of delivery care on perinatal outcomes [1, [9] [10] [11] . However, there is less information about the effect of health service utilisation during pregnancy on perinatal outcomes, especially in low income countries [12] . In particular, there have been no published studies which have examined the effect of health service utilisation during pregnancy on perinatal outcomes in the poorest women. This information is needed to ensure that antenatal care programmes are implemented and targeted appropriately and to understand whether health services are reaching the women who are most in need.
A large prospective population based surveillance system was developed in rural Ghana for the ObaapaVitA trial, a clusterrandomised, double-blind, placebo-controlled trial to assess the effect of vitamin A supplementation on maternal survival [13] . Our study was designed to analyse data obtained from this surveillance system. The primary objective was to determine whether the risk of antepartum and intrapartum stillbirth differed by maternal wealth quintile in rural Africa. The secondary objective was to assess whether any differences in risk were mediated by utilisation of health services during pregnancy.
Methods

Study setting
Data for this study were collected from 1 July 2003 to 30 September 2008 as part of the ObaapaVitA trial which was implemented in seven contiguous rural districts in the Brong Ahafo region of Ghana. All women of reproductive age (15-45 years) who provided informed written consent and intended to live in the study area for at least three months were eligible to enrol in the trial. The full protocol is available online (at http://www. lshtm.ac.uk/eph/nphir/research/obaapavita/obaapavita_trial_ protocol.pdf).
Pregnancy care in Ghana includes education about the importance of birth preparedness, danger signs, care seeking and facility delivery. Women are also examined for obstetric problems such as placental insufficiency and multiple pregnancy. Tetanus toxoid vaccination, iron and folate supplementation, and screening for malnutrition and infection is also included [8] . It is recommended that each woman visits a health care provider at least four times even if the pregnancy is uncomplicated. Pregnancy care is provided health facilities (district hospitals, health centres and health posts) and there are no outreach services [8] .
Data collection
All women of reproductive age were visited once every four weeks by a network of trained village-based fieldworkers to distribute vitamin A capsules and collect data on morbidity and mortality. During pregnancy the fieldworkers administered a ''profile'' questionnaire which recorded the woman's self report of sociodemographic characteristics (maternal age, ethnic group, education, religion, asset ownership), and past obstetric history (previous stillbirth, gravidity). When a delivery was reported, the fieldworker also administered a ''birth'' questionnaire, which included the mother's self report of delivery outcome (live birth or infant not born alive), site and mode of delivery, health service utilisation during the pregnancy (number of visits to a health care provider during pregnancy), and details about the infant (multiple or singleton birth, gender, gestational age and birth weight if recorded on the pregnancy or birth record). Data on quality of pregnancy care were also recorded, however these data were especially limited by maternal recall. Data were only available on one measure of the quality of pregnancy care (number of tetanus toxoid immunisations received up to the time of delivery).
Field supervisors conducted verbal post-mortems (VPMs) with the mother and close family members for all deliveries which resulted in a dead fetus or infant. Information collected included an open history plus questions on any signs, symptoms and illnesses during pregnancy, delivery and after delivery. Mothers were specifically asked when fetal movements ceased i.e. before labour or during labour/delivery. Standard World Health Organization VPM tools and methods were used. The methods have been presented and validated in earlier papers [14, 15] .
Definitions and classification
Delivery outcomes were classified based on the information obtained from the VPM interview [15] . The VPMs were reviewed by two experienced physicians, who independently decided on gestation, timing and cause of death. A miscarriage/abortion was defined as delivery which ended in a dead foetus or infant at ,6 months gestation. A stillbirth was defined as an infant of $6 months of gestation who did not cry, move, or breathe after birth. Antepartum stillbirths were classified when the infant died before labour commenced. Intrapartum stillbirths were classified when the infant died during labour or delivery. Neonatal deaths were classified if the infant was born alive but died day 0-27. Postneonatal deaths were classified if the infant was born alive but died day 28-365. If the physicians disagreed, the form was independently reviewed by a third physician and a consensus coding accepted if two of the three agreed. If there was no consensus, the three physicians met to reach an agreement.
To estimate the socioeconomic status of each household, we constructed a relative wealth index based on data collected on housing material (walls, floor, windows, and roof) and household assets. Principal component analysis (PCA) in STATA version 11 was used to generate a factor score for each asset and women were assigned to wealth quintiles according to their total asset score [16] . The wealth quintile variable was examined as categorical and continuous in the multivariable models, and we also created a binary variable in which women in the lowest two quintiles (''poor'') and in the top three quintiles (''richer'') were grouped.
Health service utilisation during pregnancy (pregnancy care) was examined using data on the number of visits to a health care provider during pregnancy. Pregnancy care was defined as the number of visits to a health care provider during pregnancy but before delivery (what is commonly called antenatal care) and did not include care during childbirth. We decided not to use the term 'antenatal' to avoid confusion with the words used to describe our primary outcomes (antepartum and intrapartum stillbirths). Pregnancy care was examined as a binary variable (no care versus some care) and as a continuous variable (based on the number of visits). We decided a priori not to examine site of delivery or care during labour or delivery because we felt that care seeking at this time would be strongly influenced by maternal morbidity and obstetric complications. We felt that women who are having a complicated pregnancy would be more likely to seek care from a hospital than a woman who is having an uncomplicated pregnancy and that this would result in higher intrapartum stillbirth risks in district hospitals compared to health centres or women delivering at home.
Statistical analysis
All deliveries (live births and stillbirths) to women enrolled in the surveillance system between 1 July 2003 and 30 September 2008 were eligible for inclusion in the analysis. Deliveries with missing exposure or outcome data and delivery outcomes with no agreed gestation or timing of death were excluded from all analyses.
Logistic regression was used to examine the effect of maternal wealth quintile on antepartum and intrapartum stillbirth separately. Odds ratios (OR) and 95% confidence intervals (95% CI) were used to approximate relative risks of antepartum and intrapartum stillbirth. Multivariable logistic regression models were used to assess the effect of important explanatory variables and random effects models were used to adjust for potential clustering of outcomes in mothers with more than one delivery over the study period. The first multivariable model examined the effect of wealth quintile adjusted only for clustering by woman. The second model included wealth quintile and the key variable relating to maternal health service utilisation (number of visits for pregnancy care). Maternal sociodemographic characteristics (maternal age, ethnic group, education), past obstetric history (previous stillbirth, gravidity), infant factors (sex, multiple or singleton birth) and maternal health service utilisation (number of visits for pregnancy care) were included a priori in the third model. We also examined statistical interactions between wealth and health service utilisation and hypothesised a priori that the effect of health service utilisation on antepartum and intrapartum stillbirths might be different in rich and poor women. Likelihood ratio tests were used to compare the fit of models containing different variables, to test for departures from a linear trend in ordered categorical variables and to test for a statistical interaction between wealth and health service utilisation.
Ethical considerations
Ethical approval for the study was received from the ethics committees of the Ghana Health Service and the London School of Hygiene & Tropical Medicine. Full, written informed consent was obtained from all women who participated in this study. Full, written informed consent was also obtained from all mothers of infants involved in the study. If the mother was not available full written informed consent was obtained from the primary caretaker of the infant.
Results
Study population
There were 80267 babies born (77666 live births and 2601 stillbirths) to 63709 women from 1 July 2003 to 30 September 2008. Of these, 2177 were neonatal deaths (neonatal mortality risk 28.0/1000 live births) and 2601 were stillbirths (stillbirth risk 32.4/ 1000 live and still births). There were 1367 (52.6%) antepartum stillbirths, 989 (38.0%) intrapartum stillbirths and 245 (9.4%) stillbirths did not have data on timing of death.76129 babies born in the study (94.8%) had complete data on all covariates and outcomes (Table 1) . 36878 (48.4%) babies were born to women in the two poorest quintiles. 3959 (5.2%) babies were born to women who had delivered a previous stillbirth. 8146 (10.7%) were born to women under 20 years of age and 9440 (12.4%) were to primiparas. 3350 (4.4%) were multiple births. Recorded birthweight from the pregnancy card was only available for 40.3% (30 680) of all births and 12.0% (9135) of stillbirths. 33040 (43.4%) babies were born at home and 3697 (4.9%) had no pregnancy care (Table 1) . Women in our study population could only provide limited information about the quality of care that they had received in health care facilities. Only 29687 women (41%) were able to provide a response to questioning about the number of tetanus toxoid vaccinations received by the end of pregnancy. 25357 (85.4%) of the responders reported receiving two or more tetanus toxoid vaccinations by the time of delivery.
Maternal sociodemographics and obstetric history
The strongest predictor of antepartum stillbirths was experiencing a stillbirth in a previous pregnancy (adjusted odds ratio [adjOR] 14.12,95% confidence interval [12.27-16.24 ], p value ,0.001). Antepartum stillbirths were also more likely in older women, in Akan women, in women having their first or second births, where the child was male, or in multiple births (Table 2) . Similar patterns were seen for intrapartum stillbirths, although ethnic group were not significantly associated with this type of stillbirth. A previous stillbirth was also the strongest predictor of intrapartum stillbirth, although births from a multiple pregnancy were almost five times more likely to end in an intrapartum stillbirth (adjOR 4.62 [3.79-5 .64] p value ,0.001) ( Table 2 ).
Health service utilisation
Antepartum stillbirths were more likely where the woman had no care during the pregnancy (adjOR 1.64 [1.27-2.10], p value ,0.001); however, pregnancy care was not associated with intrapartum stillbirths in the univariable or multivariable models (Table 2) . Women in the poorest quintile were more likely to have no care in the current pregnancy than women in the richest quintile (adjOR 16.22 [12.19-21 .59], p value ,0.001) ( Table 3) . Women in the poorest quintile were also more likely to have received poor quality pregnancy care (,2 tetanus toxoid immunisations) than the women in the richest quintile (adjOR 3.47 [2.85-4.22], p value ,0.001). Women in the poorest quintile were also more likely to deliver at home than women in the richest quintile (adjOR 17.98 [11.82, 23 .90], p value ,0.001) ( Table 3) .
Women also had an increased risk of delivering an antepartum (adjOR 2.59 [2.21, 3 .00], p value ,0.001) and intrapartum (adjOR 2.22 [1.86, 2.64,] p value ,0.001) stillbirth in a district hospital compared to women who delivered at home or in a health centre (Table 2 ).
Wealth quintile
There was no association between wealth quintile and antepartum stillbirths in the univariable analysis and the results did not change substantially after adjusting for utilisation of pregnancy care or other sociodemographic variables(adjOR 0.98 [0.93-1.03], p value 0.400) ( Table 4 ). There was also no modification of the effect of health service utilisation on antepartum stillbirth risk by socioeconomic status (likelihood ratio test statistic = 2.11, p value = 0.15).
In contrast there was a marked 'dose response' of increasing risk of intrapartum stillbirth with increasing levels of socioeconomic deprivation (adjOR 1.08 [1.03-1.14], p value 0.002) ( 
Discussion
Poor women had a high risk of intrapartum stillbirth in this rural Ghanaian population and this risk did not appear to be influenced by health service utilisation. In contrast, socioeconomic status was not associated with antepartum stillbirth risk in univariable or multivariable analyses. Quality of pregnancy care analyses conducted for births in which there had been at least one episode of pregnancy care and no missing data (n = 29 687). Pregnancy care analyses conducted for births with no missing data (n = 76 129). Site of delivery analyses conducted for births with no missing data (n = 76 073). *Odds ratio calculated for the binary outcome comparing those with adequate care ($2 doses tetanus toxoid) to those with inadequate care (,2 doses tetanus toxoid) by wealth quintile, and adjusting for maternal age, ethnic group, gravidity, previous stillbirth, number of infants delivered, sex of the infant and for clustering by woman. **Odds ratio calculated for the binary outcome comparing those with any pregnancy care to those with no pregnancy care by wealth quintile, and adjusting for maternal age, ethnic group, gravidity, previous stillbirth, number of infants delivered, sex of the infant and for clustering by woman. ***Odds ratio calculated for the binary outcome comparing those who delivered at a heath facility to those who delivered at home by wealth quintile, and adjusting for maternal age, ethnic group, gravidity, previous stillbirth, number of infants delivered, sex of the infant and for clustering by woman. doi:10.1371/journal.pone.0039050.t003
To our knowledge this is the first study that has examined socioeconomic differentials in antepartum and intrapartum stillbirth risk in a low or middle income country and in subSaharan Africa. There was a marked 'dose response' of increasing intrapartum stillbirth with increasing levels of socioeconomic deprivation. Poor women had the highest stillbirth risk and the most limited use of pregnancy care. Pregnancy care also did not appear to influence intrapartum stillbirth risk in the poor women who were able to use health services. This was in contrast to a marked effect in richer women. This may be because poorer women receive suboptimal quality pregnancy care. Pregnancy clinics in the study area should provide interventions that reduce the risk of intrapartum stillbirth such as education about birth preparedness, danger signs, care seeking and facility delivery [8] . We had limited data on quality of care but our study suggested that poor women were more likely to receive suboptimal quality pregnancy care than richer women. In addition, poor women may not be able to use pregnancy services effectively. For example they may not have the resources or money to follow recommendations for care seeking at the time of delivery. There also appeared to be differentials in use of health facilities during labour and delivery. Rich women were more likely to use facilities for delivery compared to poorer women; these differentials were most striking for district hospitals and less striking for the smaller private and government health facilities. However, we had no data on the types of facilities that provided pregnancy care in our study.
We also reported that antepartum stillbirth risk was not affected by socioeconomic status. Other studies from high income countries have described similar findings. [3, 17, 18] These studies have also indicated that the causes of antepartum stillbirth are multifactorial, complex, unrelated to use of health services and may have a genetic component [2, [17] [18] [19] . However, there have been few studies which have examined these factors in low or middle income countries. We found associations between antepartum stillbirth risk and previous stillbirth, older age group, primiparity and multiple pregnancies. These findings are similar to many other studies from low and middle income countries [1, [20] [21] [22] . In addition, we reported that pregnancy care was associated with significant reductions in antepartum stillbirth. Pregnancy clinics in Ghana provide interventions that reduce the risk of antepartum stillbirth such as iron and folate supplementation and screening for malnutrition and infection and there have been many improvements in these services in recent years.
There were several limitations to our study. We were only able to use maternal recall to estimate gestational age and we defined a stillbirth as a pregnancy loss resulting after a gestation period of $6 months (approximately 26 weeks). A cut off at 28 weeks gestation is commonly used to classify stillbirths in low and middle income countries [1, 7] . Thus, we may have overestimated our stillbirth risk. However, our stillbirth risk (32.4/1000) was similar to recently published data (28.3/1000) for Ghana in 2009 [7] . Our neonatal mortality risk was also similar to previously published studies [23] . Our study was also population based and fieldworkers visited study participants at their homes every four weeks. Migrations were tracked and few women who migrated within the study area were lost to follow up. Thus, only a small proportion of pregnancies and pregnancy outcomes were missed.
Partographs and other tools to estimate fetal movements are not commonly used in our study area [8] . Thus we were only able to classify antepartum and intrapartum stillbirths on the basis of maternal history using a VPM questionnaire. However, the VPM questionnaire included detailed questions about fetal movements before and during labour and also included a comprehensive open history section where the mother retold the story of her pregnancy, labour and delivery in her own words. Each VPM was read by experienced physicians who had to reach agreement before the timing of the death was classified. These methods have previously been validated in our study area and the short period of time between the occurrence of a stillbirth and the VPM is likely to have minimised recall bias [14, 15] . Our ratio of antepartum to intrapartum stillbirths is also consistent with regional estimates [1, 7] .
Data were not collected on the use of tobacco and alcohol as these behaviours are known to be infrequent or non-existent in pregnant women in our study area. However, we collected data for other important potential confounders and presented unadjusted and adjusted results. Most of our information was obtained through maternal recall and was not able to be validated from health service records. However, our study was prospective and information about important exposures was obtained during pregnancy before birth outcomes were reported. Thus, unlike many other studies, these data were not influenced by the mother's recall at the time of delivery. We also had limited data on the functioning of the health centres including the quality of care. Our one proxy (tetanus toxoid vaccination) indicated that poor women have suboptimal quality of care compared to richer women but more detailed studies are needed to examine this issue. Finally, this study was conducted in seven contiguous rural districts of the Brong Ahafo region of Ghana. Our results are likely to be generalisable to other rural areas of sub-Saharan Africa. However, further studies are needed from other African settings including urban areas. This study has important implications for policy and program development. Perinatal health outcomes should not be assumed to be homogeneous within rural areas in low and middle income countries. In our study, poor women had the highest stillbirth burden, the poorest use of pregnancy care and the poorest quality of care. This is yet another example of the inverse care law, i.e. that the availability of good medical care tends to vary inversely with need [24] . Health system strengthening is required to meet the needs of poor women in sub-Saharan Africa. New models of care and innovative delivery channels must be provided.
Programmes used in Asia such as home visiting from community health workers, peer counselling and women's groups could be highly effective in meeting the needs of poor African women with limited access to conventional pregnancy care. Data from the implementation and evaluation of these programmes in subSaharan Africa are greatly needed.
